We report 2 patients with arteriovenous malformation (AVM) associated with complete occlusion of the unilateral middle cerebral artery and moyamoya vessels. Xenon CT CBF study demonstrated diffusely decreased CMF in unilateral or bilateral hemispheres with multiple areas of decreased vascular reserve. A significant reduction of AVM size was seen in one patient who received radiosurgery with marked CBF improvement.
Introduction
Intracranial arteriovenous malformations (AVMs) with major arterial occlusion are rare and 27 cases have been reported in the literature 1-9. Fourteen of these cases had associated moyamoya vessels. We herein report two patients with AVM associated with unilateral major arterial occlusion and moyamoya vessels in which Xenon CT cerebral blood flow (CBF) studies were performed. Case Report Case 1. A 26-year-old woman had experienced occasional episodes of left-sided seizure and headaches since age 19. The seizure began in the temple associated with eye twitching and marched in a sensory fashion down to the face, trunk and to the lower extremity. The seizures had not been well controlled with medications and she presented with a recent increase in frequency of the seizures and severity of headache. Magnetic resonance (MR) imaging was obtained and showed an AVM in the lateral aspect of the right basal ganglia and deep frontoparietal region measuring approximately 3 cm x 3 cm x 3.8 cm (figure lA). The right internal carotid angiogram showed complete occlusion of the middle cerebral artery (MCA) and prominent moyamoya vessels were seen (figure lB). The major MCA branches were reconstituted via pial branches of the anterior cerebral artery (ACA) in retrograde fashion. The AVM was supplied by the pial leptomeningeal collateral circulation and moyamoya vessels (figure le). Prominent cortical A c D 186 and deep draining veins were seen from the AVM. During treatment planning, a Xenon CT was performed to evaluate the CBF condition in view of major arterial occlusion at the site of the AVM. It showed very high CBF (>100 There is complete occlusion of the middle cerebral artery and prominent moyamoya vessels are seen (thin arrow). The AVM is supplied by the leptomeningeal collaterals from the ACA branches (thick arrows) and moyamoya vessels. Superficial and deep draining veins are seen (arrowheads). D) Xenon CT CBF study showing very high flow in the AVM but diffusely decreased flow in the area posterior to the AVM (arrow). E) 1'2 weighted axial image at 2 years after gamma-knife radiosurgery showing a small residual nidus with disappearance of a large draining vein. F) Xenon CT without acetazlamide challenge showing significant improvement of CBF in the right hemisphere compared with figure ID. G) Xenon CT with acetazolamide challenge showing marked augmentation of left hemispheric flow but poor augmentation in the right hemisphere. There are areas of focal flow decrease adjacent to the residual AVM indicating decreased vascular reserve (arrowheads) .
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An acetazolamide challenge test was not performed because of technical difficulties. Because of occlusion of the right MCA with significantly decreased local CBF adjacent to the AVM nidus and involvement of the basal gan-~.
glia, surgical resection of the AVM was not recommended. Radiosurgery using a gamma knife unit was subsequently elected and the AVM received a median dose of 19 Gy to its margin and a maximum median dose of 34 Gy. At 28 months post treatment, the patient demonstrated significant clinical improvement and no further seizures. Her recent MR imaging showed a small (<1 cm) residual nidus in the right frontal subcortical region (figure lE).
A follow-up Xenon CT CBF study was performed. Despite the presumed persistence of right MCA occlusion, significant improvement in CBF in the right hemisphere was seen, but there was slightly decreased flow in the cortical areas near the residual nidus ( figure 1F ). An acetazolamide challenge test demonstrated marked augmentation of CBF in the left hemisphere compared with that on the right; limited augmentation was seen in the fronto-temporal cortex adjacent to the residualAVM nidus indicating a decreased vascular reserve ( figure 1G ). She is planning to have MR imaging and a cerebral angiogram in eight months for the third year evaluation and a second radiosurgical procedure will be performed if there is a residual nidus.
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Case 2. A 42-year-old man had several episodes of major motor seizures since the age of 10. The seizures had been controlled partially by medication. A cerebral angiogram obtained elsewhere seven years ago reportedly showed a large A VM in the left hemisphere. No treatment for the AVM was rendered at that time. He presented with progressively declining memory and cognitive function beginning several years previously. MR imaging showed a large (3 cm x 3 cm x 5 cm) AVM in the left temporal lobe, involving the parahippocampal gyrus (figure 2A).
Left internal carotid angiography demonstrated complete occlusion of a major trunk of the MCA with prominent moyamoya vessels and leptomeningeal collateral circulation from the ACA branches ( figure 2B ). The AVM was fed by the moyamoya vessels, collateral pial branches of the anterior and posterior cerebral arteries, and the external carotid artery branches. Multiple cortical and deep venous drainage from the AVM was seen. Xenon CT CBF study showed markedly increased flow (>100 ml / 100 g/min) in the AVM nidus of the parahippocampal region but there was diffusely decreased CBF in both hemispheres with significantly low flow (12-25 ml /100 g/min) in bilateral occipital and fronto-opercular cortices ( figure 3A ). An acetazolamide challenge test showed flow aug-mentation in the bilateral frontal lobes indicating preserved vascular reserve.
However, bilateral temporo-occipital regions showed significantly decreased augmentation indicating decreased vascular reserve ( figure  2E ). An area of decreased CBF was also seen in the left parietal region where normal CBF was seen prior to acetazolamide challenge. This was thought to represent a steal phenomenon indicating redirection of flow into chronically ischemic regions. Staged radiosurgery is planned for this patient.
Discussion
Arterial stenosis in association with AVMs is a well-known phenomenon 2,10. Its pathophysiology is unclear but is thought to be due to endothelial injury caused by an irregular high flow condition resulting in intimal proliferation 2,11. Complete occlusion of the major feeding arteries is rare and 27 cases have been reported 1-9. The exact prevalence is unknown but Enam and Malik 9 found seven (1.4 %) such cases in 500 patients with an AVM.
The internal carotid artery or MCA were most commonly occluded but the ACA were also involved. Fourteen of these cases accompanied by prominent perforating arteries formed so-called moyamoya vessels ipsilateral to the AVM as the secondary change of arterial occlusion; however, two of these cases had moyamoya vessels in both carotid territories associated with a small AVM in one hemisphere.
These cases may be true moyamoya disease incidentally associated with AVM s,6. The AVMs with major artery occlusion in the reported series were primarily fed by the transcerebral pial collateral circulation but moyamoya vessels also contributed in many cases as feeders, as shown in our patients. Treatment of this type of AVM is a challenging task because of occlusion of the major trunk of arterial feeders.
Mawad et Al 2 advised that surgical resection or embolisation is impossible or contraindicated for these cases because of the risk of aggravation of brain ischemia. Successful surgical resection was described in a few reports 3,4,9. Solomon and Michelson 3 reported a case of a left subfrontal AVM in which the left internal carotid artery was occluded and the AVM was supplied by the right internal carotid artery and Post-operatively this patient experienced haemorrhage into the right basal ganglia. They speculated that this haemorrhage occurred due to redirection of the blood flow into the chronically ischemic brain after resection of the AVM.
Aoki and Mizutani 4 described a case of a posterotemporal AVM with right MeA occlusion. Despite successful resection of the AVM, they experienced massive brain edema which unexpectedly occurred during surgery. Enam and Malik 9 removed three out of four AVMs without complications but one patient died of uncontrollable bleeding from moyamoya vessels. The haemorrhagic complication or brain edema during or after surgical resection of this type of AVM seems to be due to normal perfusion pressure breakthrough phenomenon, which is believed to occur after surgical resection or embolisation of large high flow AVMs 12-l4 . Lichtor and Mullan 7 performed revascularization surgery in two of three patients who had AVM with moyamoya vessels.
After encephalo-arteriosynangiosis and omental transplantation respectively, these two patients had moderate improvement of their ischemic symptoms. One of the seven patients reported by Enam and Malik 9 received radiosurgery and this patient showed progressive clinical improvement. Stereotactic radiosurgery has been utilized as an effective treatment for AVMs and approximately 80% of AVMs with average diameters of less than 3 cm can be obliterated by single or staged radiosurgery 15.19. However, in some series, radiosurgery can effectively obliterate the AVMs much larger than 3 cm 15.1 8 • Our first patient's AVM was larger than 3 cm but significant size reduction could be achieved at two years after a single treatment. The small residual nidus in this patient may be completely occluded by a second stage treatment if it remains unobliterated at three years.
Several authors evaluated the CBF patterns of AVMs using various methods such as singlephoton emission CT or Xenon CT 20-24. These authors agreed that the AVMs accompany high CBF in the nidus region and decreased cortical CBF in the adjacent zone. Due to the blood flow steal phenomenon, the gray matter CBF remote from the nidus or even entire ipsilateral and contralateral hemispheric CBF can be diminished 20,2 l ,23.
Tarr et Al 24 evaluated the steal phenomenon and vascular reserve in 13 patients with AVMs using acetazolamide challenge test with Xenon CT. They described the complexity of CBF in these patients but essentially two patterns were observed in near sites or far sites from AVMs. The first pattern is either normal or decreased baseline CBF with decreased CBF augmentation by acetalozamide indicating decreased vascular reserve.
The second pattern is decreased baseline CBF with augmented CBF after acetalozamide indicating normal vascular reserve but decreased demand. These two patterns were almost equally observed in their series and decreased vascular reserve was found in 27% of the near-site areas and 17% of the far-site areas. They recommended stage surgery or embolisation for those with decreased vascular reserve. To the best of our knowledge, there has been no discussion of CBF in patients with an AVM with major arterial occlusion. Both of our patients showed primarily a decreased vascular reserve pattern. Interestingly, the second patient who had a large AVM in the left temporal lobe showed a mixed pattern including multiple areas of decreased vascular reserve in both hemispheres mixed with the area of decreased demand in the left frontal lobe.
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These bihemispheric abnormalities are presumably due to longstanding ischemia associated with major arterial occlusion and large AVM size. Surgical removal of these AVMs associated with major arterial occlusion and decreased vascular reserve may be difficult and may result in catastrophic complications as described above.
Thus, one may justify radiosurgery to be a primary treatment modality for these AVMs because it facilitates gradual obliteration of the nidus and redirection of CBF. It is our opinion that the CBF study including an acetazolamide challenge test plays an important role in the treatment planning and assessment of treatment effect of such AVMs. 
EDITORIAL COMMENT
The authors present two case reports of patients with AVMs, arterial occlusion (presumably a modification over time due to high-flow angiopathy) and moyamoya type vessels in whom CBF studies were performed. They discuss difficult and often controversial issues such as the steal phenomenon and normal per fusion pressure breakthrough. They conclude that radiosurgery may be justified as a primary treatment modality for the type of patients presented, and recommend that cerebral blood flow (CBF) studies form an important part of the planning and posttreatment follow-up. One patient presented with medically refractory seizures and the other with progressive neurological decline. Among all patients with AVMs, these represent two relatively infrequent categories. Clinicians generally feel compelled to offer therapy, despite the fact that these clinical pictures are typically associated with large, deep or diffuse lesions which are often not curable with acceptable morbidity. However, in both of the cases presented, the morphology of the lesion appears to fall into the category of "proliferative angiopathy". The clinical presentation of the patients, as well as the external carotid involvement in Case 2 (in the absence of previous hemorrhage) are typical of this condition; there is no comment on the contribution of dural branches in Case 1. For both cases, a large number of vessels participate very indirectly, and the shunting into the venous system, although it may be extensive, appears rather slow. The diffuse appearance of this arterial network raises the difficulty of knowing exactly what to target with therapy (regardless of whether the treatment is stereotactic radiotherapy, surgery, or embolization), since one must clearly distinguish between what is true nidus and what is moyamoya or leptomeningeal vessels getting to the nidus (or adjacent brain). It is difficult to justify the statement that radiosurgery is the primary treatment modality for these patients, given a series of two cases in which only one has been treated. The authors attempt to explain the association between the findings on CBF studies and the initial presenting symptoms or changes in the clinical picture following treatment. However, there are limited clinical details (e.g. precise details of the seizure frequency pre-treatment, any changes in medications, etc. for Case 1), and the fact that there are only two patients (with only one treated) makes it very difficult to establish a correlation with either original CBF findings or changes after treatment. Assessing patterns of CBF, and the change in them pre-and posttreatment in a larger number of patients with a spectrum of symptoms (including patients with no seizures or neurological deficits) which are objectively quantified may allow correlation of CBF and symptoms, and thus ultimately address the issues such as steal phenomenon and normal perfusion pressure breakthrough. Currently, there is no definitive proof of the pathophysiology of the symptoms in these patients (Is it venous or arterial ischemia, or some other phenomenon all together?). Similarly, more data are required before one can know how information on CBF and vascular reserve should affect treatment decisions. This paper deals with very complex and controversial issues. It provides interesting data related to CBF in patients with difficult vascular lesions, adding fuel to the fire in the debates related to steal phenomenon, normal perfusion pressure breakthrough, and how to treat these patients when they present with serious neurological symptoms. Although this article is intriguing, it is clearly not conclusive for any of these issues. Phil Porter
